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This study investigated the first five years of 
developmentai progress of a group of pre-term 
infants. Of an initial group of 136 surviving 
infants born five or more weeks before term in 
Brisbane in 1975, more than 82% were as-
sessed reguiariy through their preschool 
years. Results indicated that a normal se-
quence of development was followed by the 
majority of the children. Although the incidence 
of cerebral palsy, speech difficulties and minor 
motor incoordinatlon was higher than average, 
all but two children were ready to enter school 
with their peers. Except for a small group of 
neurologically related signs, factors predictive 
of development at five years generally differed 
with age. Regular comprehensive develop-
mental assessment is recommended for iden-
tification of age related problems. 
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Every new birth results in the emer-
gence of an infant who has a unique 
and individual set of inherited biologic 
and personality characteristics. These 
are impinged upon and shaped by a 
variety of environmental factors in-
cluding parental, cultural and societal 
attitudes (Ausubel and Sullivan 1970). 
Even the child itself has a modifying 
effect on its own development (Erik-
son 1963). 
Over a period of time the influences 
on development may be many and 
varied. While some will enhance, oth-
ers will inhibit different aspects of the 
process, thus modifying or even 
changing the developmental course of 
the child. Development has been de-
scribed as a process of continual trans-
actions occurring between the child 
and the environment (Sameroff 1980). 
This ever changing process creates 
difficulties for those undertaking stud-
ies of development. 
It has been suggested by Brown 
(1980) and Sameroff (op cit) that the 
failure of studies to predict develop-
mental outcome of children on the 
basis of single or even multiple events 
occurring before, at, or soon after 
birth, may have been due to a lack of 
acknowledgement of the influence of 
ongoing and complex interactions oc-
curring between the maturing child 
and the physical, emotional and social 
environment. Furthermore, it is nec-
essary to consider that some infants/ 
children may have a greater capacity 
than others to overcome the effects of 
adverse or stress factors during their 
development (Touwen 1980). 
The development of children who 
fall outside the normal birth presen-
tation, for example infants born pre-
term or of low birthweight, is of 
particular concern. Previous studies 
(Fitzhardinge 1976, Kitchen et al 1980, 
Kiely et al 1981) have suggested that 
these children are 'at risk' for prob-
lems of development. Desmond et al 
(1980) proposed that the emergence of 
problems, during the development of 
low birthweight children, occurred 
along an age-related continuum. For 
example, these authors suggested that 
feeding problems and irritability pre-
sented in the first month, retardation 
and speech problems were obvious by 
three years and learning difficulties 
became apparent between six and eight 
years of age. It is apparent therefore 
that when evaluating the effect of 
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birth age or birthweight on the devel-
opment of the children involved, it is 
not sufficient to only record the inci-
dence of handicapping conditions 
within the group. Rather it would be 
more beneficial to investigate the 
changing patterns and progressive 
expressions of their development over 
a period of time. 
Because of the absence of suitable 
data in this area, in 1975 a longitudinal 
study of a group of infants born five 
or more weeks before term was com-
menced in Brisbane by the Department 
of Physiotherapy, University of 
Queensland. The aim of this project 
was to investigate the developmental 
progress of pre-term children during 
their first five years. The study was 
designed to allow both the progressive 
assessment over a period of five years 
of characteristics and changes in a 
number of different aspects of devel-
opment and an evaluation of devel-
opmental normalcy at a particular age. 
Follow-up of a group of infants born 
before term consisted of comprehen-
sive neuro-sensory motor assessments 
and tests of developmental ability on 
eight occasions at the adjusted ages 
of 1, 4, 8, 12, 18, 33, 48 and 60 
months. At five years the abilities of 
the pre-term children were compared 
with those of a matched group of five 
year old children who were full-term 
at birth. The longitudinal study of the 
progressive development of the pre-
term group of infants will be presented 
in this paper. 
Subjects 
The subjects selected for this study 
were infants born five or more weeks 
before their expected date of arrival. 
All surviving Brisbane born infants 
with a gestational age 26-35 weeks 
who were nursed in the neonatal spe-
cial care unit of either the Royal 
Women's Hospital or Mater Mothers' 
Hospital between the end of January 
and the beginning of December 1975 
were selected. Infants with a residen-
tial address of more than 25 miles 
from the Brisbane city centre at the 
time of birth were excluded from this 
pre-selected sample. Additional exclu-
sions included one infant with multiple 
congenital anomalies, one infant 
whose parents refused on grounds of 
religious beliefs and three * private' 
infants. 
Initially 139 infants fulfilled the 
above criteria. Two infants died before 
the first post-discharge assessment at 
one month and another died just prior 
to assessment at four months. One 
early death was due to septicaemia 
while the other two resulted from 
sudden infant death syndrome (SIDS). 
The subsequent unscheduled loss of a 
further 24 children from follow-up 
during the five year period is presented 
in Table 1 together with neurological 
and developmental status of these lost 
infants, at their last assessment. Four 
of the children who were normal at 
last assessment and subsequently lost 
to follow-up were reportedly attending 
normal pre-schools at the age of five 
years. Amongst those who were not 
traceable, none was definitely abnor-
mal at the time of the last assessment. 
Of the 136 surviving pre-term infants, 
122 were followed to twelve months 
Table 1: 
Progressive loss to follow-up of survivors4 of initial sample of pre-term infants — Neurological and 
Developmental Status at last Assessment 
Age 
Discharge 
-* 1 
12 
1 -* 4 
12 12 
4 -» 8 
12 12 
8 - 1 2 
12 12 
12 -* 18 
12 12 
18 -* 33 
12 12 
33 -> 48 
12 12 
48 - 60 
12 12 
TOTAL 
Number 
Assessed 
136 
130 
125 
123 
122 
115 
113 
112 
112 
(82.4%) 
Number 
Lost 
6 
5 
2 
1 
7 
2 
1 
24 
Cumulative 
Percentage 
Loss 
4.4% 
8.1% 
9.5% 
9.5% 
15.4% 
16.9% 
17.6% 
17.6% 
Reason for Loss 
Address unknown 
Moved country or 
Interstate 
Address unknown 
Interstate 
Overseas 
Address unknown 
Address unknown 
Address unknown 
Interstate and 
Country 
Address unknown 
Interstate 
Address unknown 
2 
4 
2 
2 
1 
2 
1 
3 
4 
1 
1 
1 
NEUROLOGICAL STATUS 
Normal 
5 
4 
2 
1 
5 
2 
1 
20 
(83.3%) 
Doubtful 
1 
1 
2 
4 
(16.6%) 
Abnormal 
DEVELOPMENTAL STATUS 
Normal 
6 
4 
2 
1 
6 
2 
1 
22 
(91.6%) 
Doubtful Impaired 
1 
1 
2 
(8.3%) 
3 infants died in the first four months; 1 septicaemia, 2 SIDS. 
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and 112 (82%) through to the age of 
five years. 
The relationship between develop-
ment and shortened gestational period 
was the basis for this study. Evaluation 
of age as soon as possible after birth 
was therefore an important task. The 
gestational age of each infant which 
was determined paediatrically by the 
attending paediatrician, hospital neon-
atologist or senior registrar, ranged 
from 27 to 35 weeks as shown in Table 
2. The birthweight was between 700 
and 3100 gm. Distribution of the 
group by birthweight is indicated by 
Table 3. According to the Usher and 
McLean (1969) normal birthweight 
curves for pre-term infants, 10.7 per 
cent were small for gestational age 
(SGA). 
In 1975, the present day level of 
sophistication and technology in neo-
natal intensive care was not available. 
All infants in this study were nursed 
in thermo-controlled cots until their 
condition was sufficiently stable to 
Table 2: 
Gestational age of pre-term 
Infants 
(N » 122) 
Gestational Subjects 
Age (Weeks) Number Percent 
27-29 9 7.4 
29-31 11 9.0 
31-33 26 21.3 
33-35 76 62.3 
Table 3: 
Birthweight of pre-term infants 
(N = 122) 
Birthweight Number Percent 
grams 
< 1000 
1000 - 1500 
1500 - 2000 
2000 - 2500 
>2500 
2 
26 
53 
35 
6 
1.6 
21.3 
43.4 
28.7 
4.9 
allow transfer to an open crib. Only 
two infants had prolonged (> 24 hrs) 
intermittent positive pressure ventila-
tion (IPPV) respiratory support, while 
a further eight (6.6%) were on contin-
uous positive airways pressure 
(CPAP). One infant had parenteral 
feeding and 83 per cent were gavage 
fed. Thirty-one infants (25%) received 
phototherapy. Four infants required 
blood transfusions. 
Vaginal delivery was possible in 82 
per cent of the births, 14.5 per cent 
of these requiring use of forceps. 
Caesarian section was the method of 
delivery for 18 per cent of the infants. 
A total of 12 per cent of the infants 
were in breech position. Hypertension 
was a problem during pregnancy in 
eight (6%) of the mothers and in four 
cases this was classified as severe. 
A total of 16 sets of twins was 
responsible for 20 per cent of an initial 
group of pre-term infants in the two 
nurseries. In three cases, only one twin 
survived the neonatal period, leaving 
thirteen pairs of twins in the study. 
Assessment 
The procedure for progressive lon-
gitudinal assessment of the children 
throughout the five year period of the 
study involved not only gaining the 
parents* cooperation initially but also 
arranging for long term access to the 
children. In view of the considerable 
mobility of families this was not al-
ways a straightforward matter, as fam-
ilies frequently moved without a for-
warding address. Often the family (or 
examiner) had to travel considerable 
distances for the assessment. All chil-
dren were assessed in their own homes 
or in a familiar environment (home 
of relatives) until the age of five years. 
This last assessment was undertaken 
at the child's pre-school or kindergar-
ten. Children from country areas were 
assessed in the homes of grandparents 
or friends. 
The assessment of the pre-term 
group of children from one month 
through to the age of four years 
involved the use of two separate testing 
profiles. These included a physioth-
erapy neuro-sensory and motor as-
sessment and the Griffiths Develop-
mental Testing Scales (Griffiths 1967, 
1970). These two tests were carried 
out by the same physiotherapist during 
a home visit to the child at each 
specified age (1, 4, 8, 12, 18, 33 and 
48 months adjusted for prematurity). 
At the age of five years, both the pre-
term and full-term groups of children 
were assessed on two occasions with 
two separate testing formats. During 
one vist the psychologist assessed the 
child using McCarthy Scales of Chil-
dren's Abilities (McCarthy 1972) and 
on the other occasion the physiother-
apist tested the child's neurological, 
sensory and motor development. The 
child's behaviour and emotional re-
sponses in a number of different sit-
uations was also recorded. 
In the absence of a suitable previ-
ously published assessment profile, 
comprehensive schedules for age ap-
propriate graded evaluation of neuro-
sensory and motor development were 
devised. The first schedule (Burns 
1977, Burns and Bullock 1980) was 
used to test and record development 
of the children during the first twelve 
months, the second covered the chil-
dren from 18 months of age to four 
years, while a third more detailed 
schedule provided comprehensive in-
formation on the abilities of the five 
year old children (Burns 1983). All of 
these schedules included a large num-
ber of individual test items which were 
grouped under the broad headings of 
gross motor ability, fine motor and 
manipulative skill, posture and bal-
ance reactions, sensory motor re-
sponses (to tactile, proprioceptive, ves-
tibular, visual and auditory input), 
neurological tests of tone, tendon re-
flexes and abnormal response, and the 
behavioural characteristics of the chil-
dren in relation to parents, peers and 
other adults including the examiner. 
The child's best and most consistent 
response to each test item was recorded 
numerically on two graded scales. One 
five point scale recorded the way in 
194 The Australian Journal of Physiotherapy. Vol. 30, No. 6, December, 1984 
Development of Children Born Pre-Term 
which the child responded (nil, poor, 
average, stronger than average or ab-
normally strong response) whilst the 
four point scale recorded the degree 
of any problems which existed (nor-
mal, slight problem, moderate prob-
lem, severe problem). 
The Griffiths' Mental Development 
Scale which was used to evaluate the 
general developmental abilities of the 
children from one month through to 
four years and the McCarthy Scales 
of Children's Abilities (at 5 years), 
both provided separate scale scores for 
several aspects of development evalu-
ated by the test as well as providing 
a general quotient of intellectual abil-
ity. 
Data Analysis 
As development involves change per 
unit of time and the changes them-
selves entail a number and variety of 
interacting factors, analysis of data in 
a study of this type presents a number 
of problems. Changes in development 
cannot be measured absolutely as the 
test 'norm' varies from one age as-
sessment to another. Although similar 
neurological and tests of motor func-
tion were assessed at each age, in 
many cases the actual tests necessarily 
differed. However, if a particular neu-
rological, sensory-motor, cognitive or 
other aspect of development was an 
important indication of ability at one 
age, then a child scoring highly (av-
erage or poorly) in that aspect might 
be expected to score highly (average 
or poorly) in that and other related 
1 8 4 12 18 
aspects at a later age. That is, the 
relationship between these indicators 
at one age and at another age should 
be high. The short but varying time 
spans between assessments and the 
difficulty of interpreting the impor-
tance of progressions of development 
from one age to the next led to the 
decision to compare results of each 
age assessment with the results of the 
assessment at five years (as illustrated 
in Figure 1) and also in this way, 
determine any aspects of development 
which may be valuable in predicting 
outcome at five years. The results of 
the study comparing the development 
of pre-term five year olds with those 
born full-term has been reported else-
where (Burns and Bullock 1985). 
In order to prepare the data for 
analysis the number of variables within 
the neuro-sensory motor assessment 
was reduced by combining several 
individual tests which assessed similar 
aspects of development to form one 
variable representing the develop-
mental aspect. Although the individual 
test items, within each small group, 
differed slightly as appropriate for age 
the representative variables remained 
the same for each of the eight age 
assessments as listed in Table 4. The 
score for each of these variables was 
obtained by combining the test item 
scores to form one ordinal scale which 
measured from worst to best perform-
ance for that aspect of neurological, 
sensory, motor and behavioural de-
velopment. The separate scale scores 
for the two tests of cognitive devel-
opment were entered into the analysis. 
33 48 60 t6Q 
T "—mm i 
The principal method of data anal-
ysis used in this study was a canonical 
correlation analysis (Nie et al 1975). 
This multivariate linear statistical tech-
nique was used to find a subset of 
variables at each age which maximally 
correlated with a subset of variables 
at five years of age. Within each subset 
the relative contribution of each var-
iable to the overall correlation was 
indicated numerically, enabling some 
comparison between individual varia-
bles and their possible importance in 
predicting later development, to be 
made. 
Results and Discussion 
Highly significant canonical corre-
lations were found between subsets of 
variables from the assessment at five 
years of age and at each age assessment 
at 1, 4, 8, 12, 18, 33 and 48 months 
(Appendix 1). Study of the variables 
included in each of these subsets re-
vealed a number of interesting features 
in predicting outcome at five years. 
One important factor at each age 
proved to be a group of neurologically 
related signs (jitteriness in infants, 
involuntary movements, tremor, 
clonus and the Babinski response). 
This variable was important in the 
canonical correlations of all ages ex-
cept 33 months and was highly pre-
dictive of the same group of responses 
at five years. This suggests a constancy 
of this set of features over a period 
of time which is particularly relevant 
in the light of the finding that tremor/ 
involuntary movements were the most 
significant discriminators between pre-
term and full-term five year olds 
(Burns and Bullock 1985). Another 
important correlator at all ages was 
head growth. The importance of head 
growth increased as the interval be-
tween assessments decreased. At four 
years the correlation was so high that 
this variable had to be excluded from 
the analysis. When individual head 
growth measurements were compared 
to normal age appropriate measure-
ment scales (Nellhaus 1968), it was 
found that the head growth of the 
Figure 1: Method for comparison of results, 
* Age of assessment in months. 
t Full term group. 
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Table 4: 
Variables for canonical correlation analysis* 
Head circumference 
Auditory localization 
Postural hold 
Eye follow 
Post-rotatory response 
Placing/supporting 
Hand function 
Muscle tone 
Neurological signs 
Primitive reflexes 
'Griffiths Locomotor 
Griffiths Personal/Social 
Griffiths Speech/Language 
Griffiths Eye/Hand 
Griffiths Performance 
Bahavioural characteristics 
Speech 
Position awareness 
Tactile response 
Posturai righting 
Vestibular righting 
Equilibrium reactions 
Perceptual motor 
Tendon reflexes 
* McCarthy Verbal 
McCarthy Quantitative 
McCarthy Perceptual Performance 
McCarthy Memory 
McCarthy Motor 
At each age a few of the variables listed above were necessarily 
excluded from the analysis due to age inappropriateness of the tests 
or inadequacy of test results. 
Griffiths 1 month to 4 years (practical reasoning, additional scale 
after 2 years). 
McCarthy 5 years. 
girls compared very favourably with 
the expected norms at ail ages while 
the head growth of the boys was 
generally a Uttle above the normal 
population curves. 
Other factors predictive of later 
development varied in importance at 
different ages. Interestingly, a number 
of these variables were quite age spe-
cific and representative of an essental 
feature of normal development at that 
age. For example, primitive motor 
responses featured at one month, 
righting reactions controlling head and 
body posture were important at four 
months, postural stability was a factor 
at eight months, early eye-hand co-
ordination as tested by the Griffiths' 
Scales was a predictive variable at 12 
months, motor and social independ-
ence were prominent at 18 months, 
speech and language were important 
at 33 months, whilst fine motor, 
speech/language, spatial, numerical 
and social/behavioural aspects were 
some of the main variables at four 
years. This finding tends to suggest 
that aspects of development which are 
a recently acquired feature of a par-
ticular age may be among the most 
sensitive indicators of development at 
that age. 
It is evident from the results tabled 
in Appendix 1 that the separate scale 
scores of the Griffiths' assessments 
from one month through to four years 
made a valuable contribution towards 
prediction of similar aspects of devel-
opment at five years of age. This tends 
to suggest that the Griffiths' test may 
not only be helpful in assessing early 
development of children but also be 
important in predicting their future 
development. In order to ascertain 
this, the relationship between the Gen-
eral Developmental Quotient (GDQ) 
of the children on the Griffiths' testing 
scales at each age and the General 
Cognitive Index (GCI) on the Mc-
Carthy Scales at five years required 
investigation. Actually the quotients 
of the two tests indicating overall 
intellectual performance (IQ) could 
not be included in the canonical cor-
relations as these quotients are calcu-
lated from the individual subscale 
scores. Therefore to examine the re-
lationship between the overall quo-
tients measured by these tests at each 
age, a separate Pearson Product mo-
ment correlation was undertaken. Ta-
ble 5 indicates that there was a highly 
significant correlation between Grif-
fiths' quotients at all ages from one 
month to four years. A positive rela-
tionship between Griffiths' scores and 
McCarthy scores did exist throughout 
but was not significant until 12 months 
of age. As presented in Table 5 the 
relationship between the early test 
results and those at five years (Mc-
Carthy) suggest that the Griffiths test 
may not be reliably predictive of later 
intellectual ability but could be very 
helpful in indicating children with 
problems on the one hand and those 
who are essentially normal on the 
other. 
Although short gestation was the 
reason for this study, neither gesta-
tional age or birthweight were predic-
tive of developmental outcome. Fur-
thermore, no group or subset of 
perinatal variables correlated signifi-
cantly with development at five years 
of age. Some perinatal factors per-
taining to neonatal conditions (such 
as hypoglycaemia, meningitis and con-
vulsions) or maternal factors (such as 
hypertension, haemorrhage and pre-
vious premature birth or neonatal 
death) could not be included in the 
canonical correlations as the number 
of individual cases involved were so 
small. To investigate the relationship 
of these factors to outcome, the mean 
and standard deviation of the five year 
developmental variables for the sub-
jects defined by their neonatal condi-
tion or care, were compared with the 
mean and standard deviation for the 
five year developmental variables of 
the total sample. For conditions af-
fecting only one child, the individual 
developmental variable score for that 
child at five years, was compared with 
the five year mean score of the total 
sample. Due to the small numbers 
involved the results of this analysis 
are of interest value only. These in-
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Table 5: 
Pearson Correlation Coefficient Matrix of Developmental Quotients (Griffiths 1/12 -* 48 /12 — GDQ) 
(McCarthy 60/12 — GCI) 
Variables GDQ 1/12 GDQ 4/12 GDQ 8/12 GDQ 12/12 GDQ 18/12 GDQ 33/12 GDQ 48/12 McC GCI 60/12 
GDQ 1/12 
GDQ 4/12 
GDQ 8/12 
GDQ 12/12 
GDQ 18/12 
GDQ 33/12 
GDQ 48/12 
McCarthy 
GCI 60/12 
r = 
p = 
r = 
p = 
r = 
p = 
r -
p -
r = 
p = 
x = 
p = 
r = 
p = 
r = 
P = 
1.000 
— 
0.3375 
0.0001 
0.3107 
0.001 
0.3362 
0.0001 
0.2274 
0.010 
0.2512 
0.005 
0.2580 
0.004 
0.0850 
0.198 
0.3375 
0.0001 
1.000 
— 
0.5417 
0.0001 
0.4592 
0.0001 
0.4494 
0.0001 
0.3510 
0.0001 
0.3262 
0.0001 
0.0552 
0.286 
0.3107 
0.001 
0.5417 
0.0001 
1.000 
— 
0.7028 
0.0001 
0.6340 
0.0001 
0.4476 
0.0001 
0.3860 
0.0001 
0.1279 
0.095 
0.3362 
0.0001 
0.4502 
0.0001 
0.7028 
0.0001 
1.000 
— 
0.6756 
0.0001 
0.5682 
0.0001 
0.5165 
0.0001 
0.1875 
0.027 
0.2274 
0.010 
0.4494 
0.0001 
0.6340 
0.0001 
0.6756 
0.0001 
1.000 
_ 
0.6408 
0.0001 
0.6039 
0.0001 
0.2692 
0.003 
0.2512 
0.005 
0.3510 
0.0001 
0.4476 
0.0001 
0.5682 
0.0001 
0.6408 
0.0001 
1.000 
— 
0.8075 
0.0001 
0,2990 
0.001 
0.2580 
0.004 
0.3262 
0.0001 
0.3860 
0,0001 
0.5168 
0.0001 
0.6039 
0.0001 
0.8075 
0.0001 
1.000 
— 
0.2090 
0.016 
0.0850 
0.198 
0.0552 
0.286 
0.1279 
0.095 
0.1875 
0.027 
0.2692 
0.003 
0.2990 
0.001 
0.2090 
0.016 
1.000 
-
Table 6: 
Morbidity in relation to gestational age and birthweight 
Problems Number % of GESTATIONAL AGE BIRTHWEIGHT (grams) 
Total (weeks) 
_ _ _ _ Group 27-29 29-31 31-33 33-35 <1000 1000-1500 1500-2000 2000-2500 >2500 
Epilepsy 
Cerebral 
Palsy 
M.C.D. 
Mental 
Retardation 
Speech 
Difficulties 
Behaviour 
Problems 
6 
13 
5 
13 
2 
2.8 1 nil 1 1 nil 
5.4 2 1 2 1 nil 
11.6 1 nil 3 9 nil 
4.5 1 nil nil 4 nil 
11.6 2 1 6 nil 
1 
nil 
3 
ml 
1 
nil 
nil 
1,8 nil nil nil 2 nil nil nil 
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eluded the fact that the mother of the 
child with the most problems at five 
years had placenta praevia while the 
mother of another handicapped child 
suffered from hypertension prior to 
the birth of her infant. Neonatal hy-
poglycaemia had been a problem in 
one five year old who had mild prob-
lems of posture, balance and gross 
motor ability while two infants who 
suffered from meningitis soon after 
birth displayed problems in areas of 
behaviour, speech and perception at 
five years. However, overall the per-
formance of these 'at risk' children 
was not consistently below the mean 
for the total group. In fact, they scored 
above the mean for a number of 
variables and below the mean on 
others, emphasizing a tendency to-
wards variability of performance in 
these children. 
Six children (5.4%) were diagnosed 
as physically handicapped. Although 
the number of children with cerebral 
palsy was not high when compared 
with other studies of pre-term infant 
development it was greater than the 
overall incidence of 1.6 per thousand 
live births (1971-1975) reported by the 
Western Australian study (Stanley 
1979). Five of the six children had 
cerebral palsy (one diplegic, two quad-
raplegic, one mild athetoid and one 
hemiplegic). One other girl had per-
sisting cerebellar signs following late 
onset hydrocephalus and insertion of 
a ventricular peritoneal shunt. By the 
age of six years, five of these six 
children were attending normal pri-
mary schools or special units attached 
to normal schools. One more severely 
disabled boy attended a special school 
for children with cerebral palsy. By 
school age, four of the six children 
were independently mobile, one was 
partially mobile in calipers and a 
walking aid, and one was wheelchair 
dependent. All six had comprehensible 
speech although several had some de-
gree of dysarthria. 
In addition to this group of physi-
cally disabled children, at the age of 
five year three others had epilepsy, 
five (4.5%) were retarded (GCI < 70), 
11.6 per cent had speech problems, 
1.8 per cent (2 children) had severe 
behavioural problems and 11.6 per 
cent had problems of movement, 
(often described as minimal cerebral 
(nervous) dysfunction) which ad-
versely affected their functional motor 
efficiency. One child had persistent 
growth retardation. As indicated by 
Table 6 there was little or no relation-
ship between gestational age or birth-
weight and the incidence of these 
problems. Overall the incidence of all 
of these conditions was greater than 
in the normal population, supporting 
the hypothesis that infants born pre-
term are more 'at risk' for problems 
interfering with their development, 
than are their full-term peers. 
Personal and inherited characteristics 
It is evident from this study that 
when the age is adjusted for the 
number of weeks pre-term, the devel-
opment of infants born pre-term gen-
erally follows the normal sequence and 
that the indicators of developmental 
progress tend to vary according to the 
age of the children at the time of 
assessment. Children at any age exhibit 
expressions of development that are 
characteristic for their particular age 
or stage of neural maturity. However, 
they also vary individually according 
to various inherited attributes, the 
influence of previous experiences or 
events, the present situation, the spe-
cial demands of assessment tests and 
the modifying effect of the continual 
transactions occurring between the 
child and his environment. A simple 
*"C^ 
Before birth Birth After birth 
Figure 2: Influences on developmental outcome. 
Developmental 
outcome 
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diagrammatic representation of this 
idea is illustrated by Figure 2. 
Conclusion 
A number of unanswered questions 
regarding the influence of pre-term 
birth and associated factors on the 
potential development of children 
born a number of weeks before term 
was an important reason for under-
taking this study. These queries related 
particularly to the nature of develop-
ment, the type and duration of prob-
lems occurring during development, 
as well as their characteristics and 
presentation in the developing child. 
As a result of this study some answers 
to these questions can be proposed. 
In the group of pre-term children 
studied, the normal overall sequence 
of development was generally fol-
lowed, but a higher than average 
incidence of mild to severe handicap-
ping conditions was evident. This was 
particularly so for cerebral palsy, men-
tal retardation, epilepsy, problems of 
behaviour, poor speech and motor 
incoordination. No significant rela-
tionship between these problems and 
birth age, birthweight or other peri-
natal events, was identified. 
Supporting the earlier proposal of 
an age related continuum for the 
emergence of problems, presentation 
of many of the difficulties of devel-
opment in the children being studied 
here was determined by the age at 
which the children were assessed. 
Some neurological problems such as 
cerebral palsy were evident and diag-
nosed within the first twelve months 
while others such as speech delay and 
intellectual handicap were not so ob-
vious until the 33 month assessment 
or later. Some of the difficulties in 
gross motor control, fine motor skill, 
language and perception did not pres-
ent until the assessments at four and 
five years of age. 
Therefore for the early identifica-
tion of problems, progressive and 
comprehensive developmental assess-
ments covering neurological, motor, 
cognitive, speech, behaviour and social 
aspects at appropriate ages is very 
important. Early recognition of prob-
lems and implementation of appro-
priate management could reduce the 
possible occurrence of secondary 
problems. Nevertheless, interpretation 
of the results of any assessment re-
quires considerable care to avoid the 
incorrect labelling of normal or tran-
sitory variations of development as 
definite problems or delays. Inappro-
priate labelling of infants increases the 
stress of already concerned parents 
(Silcock 1984). 
Whilst recognizing the possible haz-
ards of pre-term birth and acknowl-
edging that the risk for developmental 
problems in the surviving children was 
higher than in their full-term peers, it 
is important to remember that all but 
a few would enter normal primary 
school. Although some may require 
additional support in the form of 
remedial motor, speech and/or learn-
ing programmes, this study found that 
the vast majority of those infants who 
were born five or more weeks pre-
term, were happy, healthy, competent 
pre-school children at the age of five 
years. 
References 
Ausubel DP and Sullivan EV (1970), Theory and 
Problems of Child Development, 2nd edition, 
Grime & Stratton, New York. 
Brown JV (1980), Current behavioural tools for 
testing neurological function in the newborn. 
In Neonatal Neurological Assessment and Out-
come: Testing Neurological Function and In-
tervention, Ross Laboratories, Columbus, 
Ohio. 
Burns YR (1977), A study of the neurological, 
sensory, motor and general developmental pro-
ress of pre-term infants, Unpublished Masters 
Thesis, University of Queensland. 
Burns YR and Bullock MI (1980), Sensory and 
motor development of pre-term infants, Aus-
tralian Journal of Physiotherapy, 26(6), 229-
243. 
Burns YR (1983), The development of pre-term 
children during their first five years, Unpub-
lished Ph.D. Thesis, University of Queensland. 
Burns YR and Bullock MI (1985), Comparison 
of abilities of pre-term and maturely born 
children at five years of age, Australian Pae-
diatric Journal (in press), 21. 
Desmond MM, Wilson GS, Alt JE and Fisher 
ES (1980), The very low birthweight infant 
after discharge from intensive care: Anticipa-
tory health care and developmental course, 
Current Problems in Pediatrics, Vol. X, No. 
6. 
Erikson EH (1963), Childhood and Society, 2nd 
edition, Norton & Co., New York. 
Fitzhardinge PM (1976), Follow-up studies on 
the low birthweight infant, Clinical Perinatol-
ogy, 3(2), 503-514. 
Griffiths R (1967), Manual: The Abilities of 
Babies. A Study in Mental Measurement, As-
sociation for Research in Infant and Child 
Development. 
Griffiths R (1970), The Abilities of Young Chil-
dren, Child Developmental Research Centre, 
London. 
Kiely JL, Paneth N, Stein Z and Susser M (1981), 
Cerebral palsy and newborn care. II: Mortality 
and neurological impairment in low birthweight 
infants. Annotation. Developmental Medicine 
and Child Neurology, 23, 650-658. 
Kitchen WH, Ryan MM, Richards A, McDougall 
AB, Billson FA, Keir EH and Naylor FD 
(1980), A longitudinal study of very low bir-
thweight infants. IV: An overview of perform-
ance of eight years of age, Developmental 
Medicine and Child Neurology, 22, 172-188. 
McCarthy D (1972), Manual: McCarthy Scales 
of Children's Abilities, Psychological Corpo-
ration, New York. 
Nellhaus G (1968), Head circumference from 
birth to 18 years: Practical composite inter-
national and inter-racial graphs, Pediatrics, 41, 
106-114. 
Nie NH, Hull CH, Jenkins JG, Stembrenner K 
and Bent DH (1975), Statistical Package for 
the Social Sciences, McGraw Hill Inc., U.S.A. 
Sameroff AJ (1980), Social and environmental 
influences on the developing nervous system. 
In Neonatal Neurological Assessment and Out-
come: Influences on Development, Ross Con-
ference on Pediatric Research, Ross Labora-
tories Publications, Columbus, Ohio. 
Silcock A (1984), Crisis in parents of prematures: 
an Australian study, British Journal of Devel-
opmental Psychology, 2, 257-268. 
Stanley FJ (1979), An epidemiological study of 
cerebral palsy in Western Australia 1956-1975. 
I: Changes in total cerebral palsy incidence 
and associated factors, Developmental Medi-
cine and Child Neurology, 21, 701-703. 
Touwen BCL (1980), The pre-term infant in the 
extrauterine environment. Implications for 
neurology, Early Human Development, 4(3), 
257-270. 
Usher R and McLean F (1969), Intrauterine 
growth of live-born Caucasian infants at sea 
level: Standards obtained from measurements 
in 7 dimensions of infants born between 25 
and 44 weeks of gestation, Journal of Pedi-
atrics, 74(6), 901-910. 
The Australian Journal of Physiotherapy. Vol. 30, No. 6, December, 1984 199 
Development of Children Born Pre-Term 
APPENDIX 1 
CANONICAL CORRELATIONS OF AGE SPECIFIC ASSESSMENT DATA CORRELATED TO YEAR FIVE DATA 
1 MONTH 
Canvar 1 
rcc - .96828 p = 
Variable 
Neurol. Signs 
Griffiths Perf. 
Muscle Tone 
Head Circumference 
Primitive Reflexes 
Griffiths Locomotor 
Griffiths Hear/Speech 
.001 
Canon. 
Coeff. 
-.70 
-.56 
-.49 
-.21 
.29 
.28 
.20 
4 MONTHS 
Canvar 1 
*Listwise deletion 56 valid 
rcc - .98844 p - , 
Variable 
Griffiths Eye-Hand 
Fine Motor (Hand) 
Gross Motor 
Postural Righting 
Neurol. Signs 
Griffiths Pers/Social 
Proprio. Post. Hold. 
cases 
,0001 
Canon 
Coeff. 
.60 
.29 
.23 
-.40 
-.30 
-.28 
-.27 
8 MONTHS 
Canvar 1 
rcc = .97998 p = . 
Varible 
Neurol. Signs 
Head Circumference 
Muscle Tone 
Behav. Charact. 
Proprio. Post. Hold. 
Griffiths Hear/Speech 
,0001 
Canon. 
Coeff. 
-.48 
-.42 
-.41 
-.24 
.34 
.19 
5 YEARS 
Neurol. Signs 
McCarthy Verbal 
Placing Support 
Tactile 
Hand Function 
Muscle Tone 
Gross Motor 
McCarthy Memory 
Speech 
Vestibular Righting 
-.91 
-.56 
-.33 
-.26 
-.25 
-.24 
.51 
.38 
.26 
.21 
5 YEARS 
Speech 
Gross Motor 
McCarthy Percept. Perf. 
McCarthy Motor 
Neurol. Signs 
Proprio. Post. Aware. 
Proprio. Post. Hold. 
Balance/Equilib. 
Behav. Charact. 
Postural Righting 
McCarthy Verbal 
McCarthy Memory 
.62 
.46 
.38 
.31 
-.54 
-.42 
-.40 
-.35 
-.29 
-.28 
-.27 
-.24 
5 YEARS 
Neurol. Signs -.71 
Head Circumference -.56 
Proprio. Post. Aware. -.42 
McCarthy Motor -.24 
Postural Righting -.22 
McCarthy Percept. Perf. .45 
Eye Follow .45 
Vestibular Head Righting .26 
Auditory Local: .25 
* Actual numerical coefficients may not be valid in these canonical correlations. 
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12 MONTHS 
Canvar 1 
rcc = .95600 p *= -
Variable 
Head Circumference 
Griffiths Eye-Hand 
Neuroi. Signs 
Griffiths Pert. 
Griffiths Locomotor 
.016 
Canon. 
Coeff. 
-.68 
-.57 
-.39 
.43 
.24 
Canvar 1 
rcc - .94162 p = 
Variable 
Head Circumference 
Auditory Local. 
Griffiths Perf. 
Griffiths Locomotor 
18 MONTHS 
.0001 
Canon. 
Coeff. 
.91 
.32 
.20 
-.34 
Canvar II 
rcc = .91384 p = 
Variable 
Neurol. Signs 
Griffiths Pers/Social 
Griffiths Perf. 
Head Circumference 
.012 
Canon. 
Coeff. 
-.91 
-.30 
-.26 
.23 
5 YEARS 
Head Circumference 
Neuroi. Signs 
Proprio. Post. Hold. 
McCarthy Verbal 
McCarthy Motor 
McCarthy Memory 
Auditory Local 
-.78 
-.56 
-.25 
-.23 
.24 
.23 
.21 
5 YEARS 
Head Circumference 
Eye Follow 
McCarthy Motor 
.91 
.15 
-.26 
5 YEARS 
Neuroi. Signs 
McCarthy Verbal 
Balance/Equil. 
Post. Rot. Resp. 
McCarthy Perf. 
Postural Righting 
McCarthy Memory 
Vestibular Head Righting 
Gross Motor 
-.88 
-.63 
-.31 
-.29 
-.27 
-.27 
.63 
.23 
.23 
The Australian Journal of Physiotherapy. Vol. 30, No. 6, December, 1984 201 
Development of Children Born Pre-Term 
fee 
Variable 
33 MONTHS 
Canvar 1 
- .97294 p - . 
Head Circumference 
Speech 
0001 
Canon. 
Coeff. 
-.96 
-.18 
Griffiths Hear/Speech .22 
5 YEARS 
Head Circumference 
McCarthy Verbal 
Muscle Tone 
Neurol. Signs 
-.86 
-.33 
-.30 
-.27 
48 MONTHS 
*Llstwise deletion — 57 valid cases 
Canvar I Canvar II 
rcc = .98029 p = .0001 rcc « .97194 p = .002 
Variable 
Neurol. Signs 
Behavioural Charact, 
Proprio. Post. Hold. 
Post-Rotatory Response 
5 YEARS 
McCarthy Verbal 
Neurol. Signs 
Muscle Tone 
Equilibrium 
McCarthy Memory 
McCarthy Percept. Perf. 
Vestibular Head Righting 
Canon. 
Coeff. 
.80 
.31 
.23 
-.38 
.98 
.82 
.37 
.36 
-.48 
-.42 
-.32 
Variable 
Tendon Reflexes 
Griffiths Speech 
Speech 
Tactile Local. 
Griffiths Eye-Hand 
Griffiths Pers/Soc. 
Griffiths Motor 
Auditory 
5 YEARS 
McCarthy Memory 
Speech 
Tendon Reflexes 
McCarthy Verbal 
Auditory 
Proprio. Post. Hold. 
McCarthy Percep. Perf. 
McCarthy Quant. 
Eye Follow 
Canon. 
Coeff. 
-.47 
-.37 
-.27 
-.27 
.35 
.32 
.23 
.20 
-.80 
-.38 
-.34 
.58 
.56 
.50 
.45 
.43 
.42 
Actual numerical coefficients may not be valid in these canonical correlations. 
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